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SUMMARY 

An experimental investigation on a 3. 60- inch-diameter ram Jet 
’sas conducted in the NACA Levis 20-inch supersonic tunnel at 
a Mach number of 1.92 to determine the effects of combustion on 
the performance of a basic normal- shook diffuser. Total- pressure 
recovery with and without combustion was evaluated as a function 
cf outlet-inlet area ratio and fuel flow. 

A rapid decrease in peak total- pres sure recovery was obtained 
vith increasing outlet-inlet area ratio. This phenomenon is attri- 
buted to an oscillation of the diffuser normal shock initiated by 
pressure pulsations from an unsteady combustion process. Conse- 
quently, the peak total-pressure recovery obtainable with steady- 
f lev conditions could not be attained In the presence of combustion. 
Similar results were previously reported for the shock, and per- 
forated diffusers. 

Several devices were used in an attempt either to dampen the 
pressure pulsations or to produce a smoother combustion process. 

The use of cones and wire screens in the diffuser, various 
combust ion- chamber lengths, and different flame holders resulted 
in little or no improvement in diffuser performance. A marked 
improvement in diffuser performance was obtained, however, when a 
powdered magnesium flare was used as the source of a smooth com- 
bustion process. 


INTRODOCTION 

The effect cf a ram- Jet combustion process on the performance 
cf conventional supersonic diffusers has been experimentally deter- 
mined from a preliminary investigation conducted at the NACA 
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Lewie Laboratory in the 20-inch supersonic wind tu nne l at a 
Mach number of 1.92. Previous results, presented for shock and 
perforated diffusers in references 1 and 2, respectively, indicated 
that an oscillation of the diffuser normal shock, initiated by 
pressure pulsations from an unsteady combustion process, caused a 
rapid decrease in peak total- pressure recovery with increasing out- 
let area. Suoh movement of the normal shock prevented its loca- 
tion at the optimum steady-state position in the diffuser and con- 
seguentlythe peak total-pressure recovery obtainable with steady- 
flow conditions oould no longer be attained. The combustion process 
had very nearly the same effect on the performance cf both the shock 
and perforated diffusers . 

Thus the phenomenon cf decareasing peak total-pressure recovery 
with increasing outlet area was apparently independent of the type 
of supersonic inlet utilizing a stream compression before the 
normal shock. A basic normal- shook diffuser was therefore used in 
the study reported herein to complete the investigation. This inlet 
was a simple divergent channel and produced no compression of the 
supersonic air stream except through the normal shock. Diffuser 
performance was again evaluated in terms of total- pressure recovery. 

Several devices were used in an attempt either to dampen the 
pressure pulsations or to produce a smoother combustion process. 
These devices included cones and wire screens of varying densities 
in the sub a on l.o diffuser, various combust ion- chamber lengths, dif- 
fered flame holders, and another type cf fuel in the form of 
powdered magnesium flares. No attempt was made to evaluate the 
combustion performance of the engine. 


APPARATUS AND PROCEDURE 

This investigation was made in the NACA Lewis 20-inch super- 
sonic wind tunnel at a Mach number of 1.92 ±0.04. The inlet air 
was maintained at a dew point cf -15 ±10° F and a total temperature 
of' 220 ±5° F. 

The experimental 3. 60- inch-diameter ram Jet (fig. 1) is the 
same as that used in references 1 and 2, except for the diffuser 
configuration. Unleaded 62-octane gasoline was injected in an 
upstream direction through a 12-ga lion- per-hour diffusing spray 
nozzle (rated at 100 lb/sq. in. gage) located in the subsonic dif- 
fuser .and was ignited by means cf a spark plug with an acetylene- 
gas pilot system. 
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The normal- shock diffuser consisted of a straight 5° divergent 
channel. In order to oh serve the shook pattern at the inlet, a 
shadowgraph was used inside the tunnel. When the normal shook was 
inside the engine, the calculated air flow was approximately 
1100 pounds per hour. In an effort to dampen pressure fluctuations, 
cones and wire screens of various densities were Installed perpen- 
dicular to the air stream and approximately 2 inches upstream of the 
fuel-spray nozzle. 

Other modifications were designed to produce a smoother com- 
bustion process. Different oomhust ion- chamber lengths of approxi- 
mately 4.4, 6.3, and 8.5 diameters were employed. The original 
flame holder (fig. 1(b)) was replaoed by a 28® conical spiral- 
gutter flame holder, which was 4.5 Inches long with a 3/4- inch 
helical pitch. The apex of the cone and the Y-gutters were upstream. 

Further experiments were made in which the flame holder and 
the gasoline fuel system were replaced by a powdered magnesium flare. 

The flare was 2 inches in diameter and 7| inches long and had a 

burning duration of approximately 45 seconds. Flare tests were made 
at several fixed-outlet areas and the pressures were recorded on a 
multiple-tube mercury manometer. Total-pressure recoveries were 
measured before, during, and after combustion. 


KESOLTS AND DISCUSSION 
Symbols 

The following symbols are used in this discussion: 

A± diffuser-inlet area 

projected ram- jet outlet-nozzle area normal to free stream 
P 0 free-stream total pressure 

P 3 total pressure at combustion-chamber inlet (diffuser outlet) 
Wj fuel flow, pounds per hour 


Original Configuration 

Total-pressure recovery without combustion. - The cold-run 
performance of the normal- shock diffuser at a Mach number of 1.92 
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is presented In figure 2. Total-pressure reoovery P 3 /P 0 is shown 
as a function of outlet-inlet area ratio Ag/A^. Values of a 4 /a 1 
may deviate from the true outlet-inlet area ratio because the 
measured A 4 Is not necessarily the true flow area. The relative 
values, however, should be representative and establish the trends. 
For the normal- shock diffuser operating under steady-flow conditions 
at a Mach number of 1 . 92, the general shape of the curve and the 
magnitude of the maximum P 3 /Pq would be expected. This cold-run 
performance curve is used as a reference to compare results obtained 
with combustion. It was previously ascertained (reference 1 ) that 
the injection of fuel without combustion did not altar the pressure 
recovery. 

Combustion at constant fuel flow and constant outlet area. - 
The experimental variation of total-pressure recovery with out let - 
inlet area ratio and fuel flow is shown In figures 3 and 4, respec- 
tively. The trends of the curves are similar to those in refer- 
ences 1 and 2 for the shock and perforated diffusers. The peak 
P 3 /P 0 was less than the optimum oold-run value and decreased with 
Increased fuel flow (fig. 3) and Increased outlet-inlet area ratio 
(fig. 4). For constant values of A^/A^ of 0.63 and 0.76, the 

curves in figure 4 have two branches, depending upon whether the 
fuel flow was being Increased or decreased. When the fuel flow was 
Increased beyond the value at the peak P 3 /P 0 an< d again decreased, 
the peak P 3 /P 0 could not Jbe realized until the normal shook 
completely reentered the diffuser and the fuel flow was again 
increased. This phenomenon is attributed to the Increased mean 
fuel-air ratio resulting from air-flow spillage when the normal 
shook is oscillating upstream of the inlet . Rough and unsteady 
combustion and a blurred shock pattern at the inlet were observed 
for the following operating conditions: when the outlet area was 

decreased or the fuel flow was Increased from the values at the 
peak Pj/PqJ and when the fuel flow was decreased from values 
be-that at the peak P3/P0. to form the lower branch of the 
loop for values of A^/Aj of 0.63 and 0.76 (fig. 4). These obser- 
vations Indicate that with combustion the unsteady flow process 
reported in reference 1 also applies to a normal-shock diffuser 
under similar operating conditions. 

A plot of the peak P 3 /P 0 from both constant-fuel-flow and 
constant -out let -area runs is presented In figure 5 as a function 
of A 4 /A i with the reference curve without combustion. The peak 
P 3 /Pq decreased from 0.74 for an A^/Ai of 0.51 to 0.60 for an 
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V A i aC °* 52 . Unsteady flow associated with normal- shock oscil- 
lations and pressure pulsations from the combustion prooess is 
believed to have caused the decrease in the peak P 3 /Pq with 
increasing A 4 /A i . 

The unsteady flow, which produces this phenom en on, is the 
result of pressure fluctuations that may originate from three sep- 
arate sources of flow disturbances: (1) burner vibration when the 

upstream flew is perfectly uniform (function of type and size of 
burner); (2) stream vibrations produced by the inlet (funotion of 
inlet geometry and throttling system; and (3) mutual Interference 
between burner and inlet (function of the size and the length of 
the engines). She results presented herein are over-all effects. 
Further experiments should be made to separate the causes of normal- 
shock osoi nations and to evaluate the effect of each on the dif- 
fuser performance. 

Improvement of diffuser performance in the presence of combus- 
tion should be possible by either elimination or effective dampening 
cf the pressure pulsations originating in the combustion process. 
Several methods, such as screens and cones located upstream of the 
fuel-spray nozzle, were used to dampen the pressure pulsations. 

Urge total-pressure drops were experienced across the oones and 
the screens, but no noticeable improvement in diffuser perfo rman ce 
with combustion was realized. These preliminary studies indicated 
that e limina tion of the pressure pulsations in the combustion 
process would be the most efficient method of improving the diffuser 
performance. Results obtained from several modifications to the 
combustion process are therefore presented. 


Combustion-Chamber Modifications 

Modifications combustion chamber resulted in a lateral 

shift of the cold-run diffuser performance curve because of varia- 
tion in friction losses across the combustion chamber and pressure 
drop across the flame holder. At peak total-pressure recovery, the 
normal shook was located at the optimum position In the diffuser 
for the given outlet-area setting and combustion-chamber combina- 
tion. In order to evaluate directly the effect cf Combustion- 
chamber modifications on diffuser performance, the peak total- 
pressure recovery with combustion is presented for each out let - 
inl et area ratio as a funotion of the cold total-pressure recovery. 
Such a plot for the original combustion-chamber configuration is 
used as a reference with which to compare results obtained for the 
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various modifications. Improved diffuser performance resulting 
from increased normal- shook stability is then indicated by arise 
in peak total pressure above the reference curve. 

Combustion-chamber length. - The length of the combustion cham- 
ber vas altered to determine If its resonant frequency was such as 
to amplify combustion-pressure pulsations. The peak P^/Pq 
obtained for combust ion- chamber length-diameter ratios of 4.4, 6.3, 
and 8.5 are presented in figure 6 as a function of P 3 /P Q without 

combustion. The data for all three combustion- chamber lengths fall 
approximately along one curve. This conformity in the data indi- 
cates that the resonant frequency of the original combustion cham- 
ber could rot account for Idle rapid decrease in the peak P^/Pq 

with increasing a 4 /a 1 . 

Conical splral-gutter-type flame holder. - TJbreported results 
from preliminary studies of a 16-inch subsonic ram Jet have indi- 
cated smooth operation over a vide range of fuel-air ratios for a 
conical splral-gutter-type flame holder. This type flame holder 
was used to replace the original perforated conical flame holder in 
an attempt to dampen the pressure pulsations from the combustion 
process. The peak P 3 /P 0 plotted in figure 6. The data points 

for the conical spiral-gutter- type flame holder fall either cm or 
slightly above the curve for the original flame holder and thus 
Indicate a slight Improvement in diffuser performance resulting 
from a smoother combustion, process. 

Powdered magnesium flare. - In order to investigate the pos- 
sibility of eliminating or altering the combustion- pressure pulsa- 
tions, a complete change in the combustion process was effected by 
replacing the flame holder and the fuel system with a magnesium 
flare. Because the burning rate (heat release) for the flare was 
nearly constant , the peak P 3 /Pq for each A^/Aj could not be 
obtained. The effect of this combustion prooess on the diffuser 
performance is shown in figure 6 In which the values of total- 
pressure recovery P 3 /Pq with combustion are presented as a func- 
tion of the total- pressure recovery P 3 /P 0 without combust ion. Data 
points for the flares fall well above the curve for the original 
combustion chamber. The marked improvement in diffuser performance 
with the magnesium flare is attributed to a smoother combustion 
prooess. These results indicate that the attainment of the optimum 
cold-run total-pressure recovery may be possible, provided that the 
pressure pulsations from the combustion process are eliminated. 
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SUMMARY OF RESULTS 

An experimental Investigation of the effects of oambuation in 
a 3 .60-lnoh-dlameter ram jet on the performance of a basic normal- 
shock diffuser gave the following results at a Mach number of 1.92: 

1. An oscillation of the diffuser normal shoclc, initiated by 
pressure pulsations from an unsteady combustion process, caused a 
rapid decrease in peak total-pressure recovery with increasing 
outlet -inlet area ratio and fuel flow, similar to that previously 
reported for shock and perforated diffusers. The cold-run optimum 
total-pressure recovery was not attained with combustion. 

2. Several modifications to the original combustion chamber 
were made in order to eliminate or to alter the pressure pulsations 
from the combustion process utilizing 62-octane gasoline as the 
main fuel. The use of cones and wire screens in the diffuser, 
various combustion-chamber lengths, and different flame holders had 
little or no effect upon the diffuser performance. 

3. A smooth combustion process resulting from the use of a 
powdered magnesium flare produced a narked increase in total- 
pressure recovery above the curve of peak total-pressure recoveries 
established with 62-octane gasoline. 


CONCLUSIONS 

The results obtained in. this preliminary investigation signify 
Idle need of further experimental studies on ram Jets over the range 
of supersonic speeds. Cold- test performance data and one- dimens ional 
steady-state calculations no longer seem to provide sufficient back- 
ground in diffuser design for specific ram- jet application because 
the characteristics of the combustion and diffusion processes are so 
interrelated as to necessitate complete engine experiments rather 
than the evaluation of the various components u n der simulated con- 
ditions. Further corroborative evidence of the phenomenon reported 
must be obtained at the different flight Mach numbers and with dif- 
ferent scale models. The possibility of utilizing other types of 
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fuel to achieve a smoother combustion process and. the feasibility 
of redesigning the combustion-chamber and diffuser configurations 
to dampen the pressure pulsations due to combustion should also be 
studied. 


Lewis Flight Propulsion Laboratory, 
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(a) Schematic diagram showing component parts, 



(b) Flame-holder details# 

Figure 1 . - Experimental ram-jet model# 
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Outlet-inlet area ratio, A^/A^ 


Figure 2. - Variation of total-pressure recovery with outlet-inlet 

area ratio without combustion. 





Total-pressure reoovery, P,/P 
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Outlet-inlet area ratio, V A i 

Figure 3. - Variation of total — pressure recovery with' outlet-inlet 
area ratio for constant fuel flows. 




NACA RM No. E8J 18 


13 


cn 

o 



Trrrrrr- 





Total-pressure recovery, P 3 /Pq 
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Figure 5. - Variation of peak total-pressure recovery with outlet- 
inlet area ratio for original combustion-chamber configuration. 



Total-pressure recovery with 
combustion, P^/Pq 
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